




TWO-PHASE FLOW RESEARCH USING THEiR JET APPARATUS

John B. _cn and Paic S_ _ _ : .... "

NationaiAeronautics and Space Administration' :' _
Lewis Research Center _ ' _-_:

Cleveland, Ohio 44135 _

SUMMARY

" Low-gravity, gas-Hquid flow' _h'_ be _ aboard the NASA _'__e

Lewis DC-9,or the Johnson Space _ter KC-135, Air and water soluti0as _e'_ the k__ inl
cytindrical test sectionswith an inner_ of 1,27 cm andlengths i.5 _ "_:'_10¢itim
rangefrom 0,1_ 1.1m/secforliquidsi_ from 0.1m25m/sec_alr. _ : :_ :: _:"_:_:''!

_ Fl0w rate. differential pressm. _d fraction; film _:_all-khe_i,_accel efieion

and o  d  th¢20. d ao of er, "owt, by
photographing at 400 frames with a high-speed, 16-mm camera.

_INTRODUCTION

NASA Lewis Research Center _ been conducting low-gravity, gas-Hq_d flow research kince

1986 using an apparatus designed _'_ _ the NASA Lewis _25: The' _ Two-_ _w

Apparatus,shown in figure 1, mixes air witha watersolutionin _ quantiti_'_ is _to_
ofbasic,two-phasefl0WpUenonzna.Thec_pab_aesando_on of_app_ are

d_ed_ .t__'portsoothersmay_ i,. i ....._._ •_ __ _"i
• Plying the Learjet flh-ough a I_,.p]_ trajectory al_ws research_'_t__ __ in a

low-gravityenvironment (ref. D. _nts um be _ina _ weigheeu en_ (on the
meerof 10- g)oratparaalsmv_ levels_ms fromtrz0to3/4s. _-smv_y __i_-
mately 18to 20 see long;a _of:ei__s_can be _le_ ifia single _, Similarlow-
gravityconditions canbe achievedUSinBe_the JohnsonS_ Center (JSC)KC-!35 _ _ De-9

The apparatus provides two-co_ __ flow, The first component and _ is air.

The othercomponent and phase is a::W_ :_on,'_y dklilkx[_ mlx_l,wi_ a..,_C_ of
salt. A 50 wt% glycerin and water solution has been used to study the _ _ __'_l_ty

on flow phenomena. A 0.5 wt% solution of Zonyl FSP, a fluorosuffactant made by DuPont, in water has

been used to study the effects of decreased surface _msion,
The data acquisition system records measmts from various sensors to obtain the gas and

liquid flow rates. Acceleration levels are measured fi,oma triaxial acceleration head and recorded. Various

two-phase flow characteristics, such as differential pressure, void fraction, liquid fdm thickness, and wall-
shear stress are recorded at acquisition rates up to 1000 Hz. Amore detailed disenssion is:_l_ iatez in

this report, i " ___' .":'! ....._ _ "

High-speedphotography,at_-fmme_sec, isusedtovisualizetheflowImae_, Time is,m_edon
eachframe. _ ....... ' = -"_'

APP_SLAYOUT ....::: '. : i' • !!: _, : '

The Two-Phase Flow Appamtm _composed of three distinct mmctures, as shown in'fiilute 2, :

Two of these components are smadm'dracks designed for use aboard the Lewis Learjet and the third is a

custom-designed rack. All three racks have plumbing and electrical connections for power and control.
There is an additional electrical connection between the two standard racks for data acquisition.



rack_ now_ _ _=____ __:_. n_ _mm_'=m=t
devil, _ch as_ __ _:_w _ _ _ _y cy_der.Them_=
housiq is mad= of pl_dglas with stainless_ _..Au _lm_h of stainle_ steel tubing _ows

the flow regime to develop. There is space availab_ on the top _shf,lf of this rack for additional signal

eoncUeon_
The second standardLearjetrack,or dm u:qu_'tion rack,oontainsthe two-phaseflow test

section,the flow visualizationsystem,the__ thedata _ andcontrol systems.
An _ intmfage panel has a liquid-czystal dhq_y (LC_), tollgte swiw, h_ and two thumbwheeh to

se_ __.__ _war_ _____ ,_ _ _ as well Ma research

_ _ _ _ __tl_l_ _ _ _ a_ _,_ _ supplY tank,

footprint of approximately 0.61 by 1.83 m (2 by 6 ft). , :,

FLOW SYSTSM._N

__ thef_wi_ _'p (reg.2):



The liquid supply tank holds:_mr liters of liquid. Gas prem_ is supplied from the gas supply

cylinder through a regulator on topefthe tank. Gas is inUndeced ontep Of a piton that uaveis down a

shaft in the center of the tank. The pspwhes the piston downwald _ .force out the liquid, while main,
mining phase separation. Liquid e_ts from the bottom of the liquid _ flows tlmmgh a screen mesh

that filters any _ _ or biological 8rowth, and splits.into two paths:trot.flOW.and peree flow,
The test _,ow path lm a pair Of meterins valves cormected in peralkL Th_ nlvm aee adjmed

with m/crome_ handles so that flow_einp can be easily reproduced. Fire the flow is me_ with a

turbine flow meter, then it flows through an electrically.actuated soknoid valve, pastaah, gk valve, md

through a conductivity reference een, This cell, which is made ofplexisiss, coetaim two_Uel thin
wires and mem_ the baseline liquid eenduotivtty.Tbebaselim is used to mnect fmrtmperm_ and

salt concentration differences in the liquid conductivity data. Afterxhe conductivity _ cell, the

liquid flow enters the two-phase mixer. . - -
The purge flow path is used to flush any,_m tmbbles trapl_ in the diffemnti_ prasmre measure-

merit system:This flow goes through avalve.thatessmtislly sets andmeters the floWrate, and then splits

into two parallel lines before enterla8 the test section. Each pmdlel line contains a metering valve reed to

minimize the pressure drop during PeqOnS and a solenoid valve used to tomon and off the flow. The flow

passes through a chamber containingdte _ transdacer _ and then eates tbe test seotion.

Both the gm and liquid phas_ rue introduced to the plexiglas mixe_ The gas flow is injected

axially down the center of the robe. The liquid phase is injected petl_ndicuiar to the test section axis and

gas flow direction: If desired, the inlet lines for the gas and liquid phases can be reversed. Two _bemes

have been used tomix the liquid with the gas as depicted in figum4.ta the first anmgement (fig. 4(a)),

the liquid is injected directly into the mixer through several small holes (diam=3.18 mm)areund the

circumference of the mixer. This approach promotes turbulence and mixing. In the second arrangement

(fig. 4(b)), the liquid is injected into an annular rqion and flows intbe same direoti_as the gas before

the two flows come into contact, Thisapproach establishes the ammularliquid film morequickly in the

slug and annular flow regimes and reduces the mnount of liquid droplet entrainment in the annular flow.

Flow is allowed to develop along an entry length, which is a stainless steel tube with a length of

66cm with an inner diameter of t2.83mm. The ent_ _is conneoted to the plexiglas test section

with a flange. A transducer, connected to the entry length, tomatoes the absolute pressure within the test

section so that the mass flow rate can be converted toa superfickl'gas velocity.

Various configurations of straight conduit test sections have been utilized, each with a different

combination and placement of sensors, for _g the flow phenomena. Sensors include differential

pressure transducers, conductivity probes, and hot film anemometers.

Previously, Validyne m6del P40D mmsda0en were uied to meas_ differential pressure. These

transducers had some advantages, including replaceable diap_ sensitive to a variety of ranges,

relatively small size_and thecapability to flush liquidtlmmsh the diaphiasm chamber, which provides an

additional method for removinggas bubbles_._eielmmmue sensing tines. However, this tnm_toer
was abandoned becauseof difficulties with __in _etepresmre sensing lines mul a wandering m'o
offset.

Currently, two Dn_k PC'DR 820 transducen witha fuil-scale range of 6.9 kPa(l,0 psid) are
utilized. Tbesetmmducers have _flush fittinll andmsmmnted inaweeial reoeptackdfiud to the test

section robe, as illumal_ in fiSuee £Ammall diameter_conneelion]Detween the reeelpUete _ the teat

section pmnits pressure n_m'emmt. The Dm_ Ummducea m_mre differential lm_mes;-however,

the reference p_t of the transducer must be expomdtotd_ ammm_ive 8as. To meet this requiremmt,

tot/separator tank. To prevent liquid_wlmmlmtiol_ghamb_ cmtainin8 a calcium cmbomate dessimmt is
located between the ports and the coaeimor tank,_'flm Dmck pressme uanaducers caa tokrate pressures

higber than their rSting, rtheir output_sipalis _tp to 68.9 kPa (10 i=sM). Consequently, signal condi-

tioning electronics were develop_ t0_ the fulLmage of_input vohages in the data acquisition system

and to permit measurement of severat gnssure _: ftem_ to 1.4, 4.1, 13.8, and 41.4 kPa (0.2, 0.6, 2.0,

and 6.0 psid). " _ _ . r
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Ix_#iilalm md!m anile]_m.il _ hu i_:c_m_m.mr m _ forme
_-nll_iiu_dili-lilli/film.Tie imllIRe.iibri_l_ Imli_w_ wlm wavesin

Tilm i.illlit_dflild-wilwi_ m__i_ i_-_ m_m, wil ashutter

-_ Aillr-l!iiill i_i_ciio_ llili_usill -_._i_k. This_i_i isa

plli_--lliiliIlulellll ioliailili_.iliii__ DIi_ _ _<lll llili

md_ d_pl_ mid,- tup _ij a-.wovu mmlL "lqmamh mtins _ liquid with surrm_

collmlxllili_ lilblk _o_ _ mpplyumk,haml__-li_ A _ valve is
o]p_ _m,_= thetwoi.mt.mmm_.otmold v._m,,_m__ w emmmetopof me

All nommmid _luiddm --_.el: .lquid ,ml, le_-"- ---_'-=---_ _ tl the
section almt behydnlmlicallyteitedat t_lt! dl_ a_ t_xtit_ __! to

safety standards. The lower pressure on this differential is about 27.6 kit to account for the possibility of

the akliatt losing cabin _on.

_......... _ -,_.....

BLECliUCAL _ AND _SYStIIMS

'lle tYlmof lower are SUllied by ih!_ 28 _ il__,V._sad tlOV, 400 itz. Air-

powll i fed to a povn_ dim.ibution mip _io ii_blillof lli ,cquisi_m rack. Pow_
_am:Ikm, between the _t and il pow_ dimibulion sirip mi_limlinmx_Idm_ with imi!t

smndmds (inf. 4).
Ti._ V__-poweris spurinto two mu_m atthe powi'__sU_to pmvide__

mmmi_m, the_ Imm_, ml the_in,i ___i_r me _ondu_vi_ im_i_
and hot-film smmmmms. When the _ is.__he_theKC-135 or DC-_.-_

sm_e _t_ty on a _ _ _d _ve _ a 1._ _ flo_y _ve. _ _l_ _ve is _fi_ mm



two logical drives: one for programs mxl one for data. The BIOS may J_xeconfigured to accept a larger

hard drive, if necessary. •: t_. _
Three cards are used for data acquisition. Each has 12-bit resolution alld_ either 16 than-

nets of _ input signal or 32 channels of single-ended input. They canha _ to aocept

input voltage ranges of either +I0, or 0 to I0 Vdc. At least 25/Jsec are required to digitize an input silpad,_

A digital input/output board controls and monitors the operator panel and the timiq mui sequent-

in S of the valves, backlighting, camera, and other devices. The digital input/output board can output a 0 of

5 Vda_timingsignal_to otherdata Wtion systems .... ,.

The operator panel consists of a display, an "ENTER" button, two thumbwheels, an e_

stop button';_l several mule switches, The display is four lines by tweaty _, Pressing the

e_ mop button turns power off to all solenoid valves; however, pow_ to the c_amera, lishts and

data acquisition and control system is unaffected.

SOFTWARE FOR DATA ACQUISITION AND DATA REDUCTION _

Two types of software are used: data acquisition and control system software, and data plotting
and transmission software. The data acquisition and control system software was written in C and relies

heavily on a DOS extender to maximize the use of the upper memory. This software initializes the appara-
tus, monitors various data channels, acquires data and controls the experiment durin 8 testing, and trans-

fers dam from the hard drive to the floppy disk,

During the experiment, the software monitors several data channels and r_xds the outputs.
Scientific measurements, i.e., the ac_lem6on levels, the diffenm_l pressure, the void fraction, film

thickness, and wall-she_r stress, are reconted as voltages. Dam from other sensors:ml recorded in appro-

priate units: from the thermocouples as degrees Fahrenheit, from the absolute Im_ssure mmsducers as
absolute pounds per square inch, a_d from the turbine flow meter as gallons per minuu_..The dam acquisi-

tion system also calculates and records the gas and liquid flow rates as superficial velocities in meters per
second.

A diagnostic routine performs the following functions: ¢onlrols the zeroing capability of the
aecelerometers, controls the power to tha purge c_nurol switch, and controls the 0 or 5 Vdc sigual output
to other data recorders.

Data plotting routines have been written to plot data oe either Hewlett-Packard graph/cs language

(I-IPGL) or postscript devices, such as Hewlett-_ plotters, Paintjet XL printers, and laser printers.

- -- - INSTALLATION AND TEST PROCEDURES

The apparatus mourns into each _ differently. _ Lmajet mounting method uses two "T-

rails" that nm along the length of the aircraft. The first rail runs along the middle of the floor;, the second

rail runs along the Wall, cma_step that is.lO cm above the first raiL Mounting fixtures that mate to the T-
rails are attached to each rack, For mounting either in the KC-135 or _ aircraft, a single plate of

aluminum is used to attach all three racks to the floor. Bolts are fed through the plate in a hole

specified in the KC-135 users guide (ref. 5).

After the apparatus has been installed in the _ plumbing and electrkal connections are

made betweea the racks_ Make the following plumbing connections:
• Connect the liquid feed line from the liquid supply tank on the tank razk to the connection on

the flow metering rock.

• Cormect the purge supply line from the liquid feed line on the flow metering rack to the purge

solenoids on the data acquisition system rack.

• Connect the purge line from the purge solenoid valves on the data acquisition system rack to

the entry region on the flow metering rack.



• conm_ _ nsum ti_ from-me,mr_ ,_,/t mmSeoa me dm wquisi_on
sysmm rsck m the coll_m_psmmr umk on the rank rock.

_ :.Comm_ipm,_r,md _ __cabksbund_ _ ew_tata_ rackto

•_ t_e'__:,:ab!e _f_om _ i_w mmmiaS r,_tothedam

• Conm_ the_ _m_ conm_ cable fmm_medm._mckm me m_mmri_

•coun_m_md mauor_ 1,uumeramt___ m _eumkm,_-
Afun.thme_ kve beeanm_, U_trotwe6ou/._ _thedam _ou rock.Com-

pk_ the followins steps: ..... " "
• Mourntimms_s_,_mtotheflangmoatheenU'ys_ionandtwo-phue_ _.
• Conn_ dm pinmbingforthepux_linm.
• Mourn thed__ pressure _:

• Conn,_ thec_blingbem_-n thesignal condifionixwel_mni_ forthecondu_vity probesand
thewaU-slmr,Dss-pmbe.

Af_ the_ isover,_llow theinstallal/ous_ps in_ onsetm remove theexpmi-

mm_ fmmthe _
#

k_m_everyms_,_s_ muowins_ ..... :.......

_v_ypmb_ __s_p_a. _o,___ _
. Adjmt _ m_ _,_ ab.olum_-_. Mumm me mbieat _mmm_ wi_

each mmsdueer, llmn _ local _ [mmm_. ,The _ c_q_,m the _ vnluewith

• lfthe__'_tl be used, dmckthe_ with btSha mt rest mmr andthe dataacqai_
*ion sysmm, ff the vd_ diff_ by morn _,flw _-mamine the _:_ymm fro' leaks or a bloclmd
orifice.

, Clmck _ i_ss_mpi_. Ifmin8 tim IS_,__, _thes_mmm 10340 kPL If using

a K-.isebonIe,eheeke__ preuumt.__ _.80 kh (13 790 psi).
• Pack a supplyof floppy disksm mm_er ram*Ohmdurinllthe 1'liMs.
* I.,,,om:l'dm16-ira with film. Only:_me_ is umd.m_im_how_, mMi'donM
may be b_ushtalc_g.Afterthefilmisused,s_ camerasisfas_rthnn_ film.

• Update the data file containing the test names and conditiom to reflect the tests planned for the

mgh_
Two_ arerequiredf_ _ _'Ivaefint__ staeeeed in frontofthe data

acquis/tionrack,_ the acquisitionm/twm_. TI_ swond olmmmr,stationednearthe flow metering
rock,m_ _, md _]_flow ram; __-_ UweU u_ _ _ by

The first opmmx _,,-label __I_ ut _/n exe cmnem,_fiektof view.Then
he or .he eonrqlms the _ _pmprimly byss_in8thefollowing_:

• gravity level-c_e_er 1.0, 0.17, or0.1 ,g "
• oriti_e size of either small, large or none

• dam-_;m_ ofe/th_ 2.q0, _ or 1000 Hz -:--_;_- : - :
• mu-._e nm_ of_ti_lm,,m__ _o._.o,6,.zo_6.0 _P-
• test_:_0fetkber L2_ _-_._4.mn

• type of liquid solution of either wmr. wa_ and glycerin, or water and zow/l

• _en_ o_mm, n_n_ m,dmud_q_,mmtm_ :

re_lamr, thenmm me nquid mpply rank _ _o20'Zk__(30 psi) and_jumem iiquid m_ ram
with the mic_nmmr handles on the two liquid flow vMves.



After the gas and liquid flow rates have been set, the first operator instructs the software to

calibrate the instruments. The software acquires the zero offsets of the acceleromcters for 0.5 sec. The

operator waits for the aircraft to enter a short period of zero accelen_'_ _ong the alnnft thrust direction,
which is indicated on the display, _ instructs the software to cafi_ _ presmmm__

ers. The sofl_vare turns off power to the purge solenoid valves and acquires diffemltial pressure data and. !,
accelerometer data for 0.5 sex. Power is reestablished to the purge solenoid valves. The zero offsets for

the differential pressure transducers are measured and corrected for residual hydrostatic forces.

The pilots are notified that the operators and apparatus are ready for a low gravity trajectory.

After low gravity has been attained, the first operator instructs the software to start the experiment.

After the two-phase mixture has entered the test section and covers the last port to the differential

pressure transducers, the purge switch is toggled off. During the low-gravity period, the first operator

monitors the apparatus for any leaks or air bubbles in the sense lines for the differential pressure transduc-

ers, and notes the position of any air bubbles in the liquid supply tank that might be ingested into the

liquid feed system. If necessary, the first operator may press the emergency stop button on the top of the

control panel to close all solenoid valves and stop all flow. The camera and data acquisition system

continue to operate.
After normal gravity has been reestablished, the first operator toggles the purge switch back to

software control and removes and discards the old test name label. Liquid is recirculated back to the

liquid supply tank. After every third trajectory, the camera is removed and traded for a fully-loaded one.

The first operator mounts and plugs in the loaded camera and the second operator secures the spent

camera.

After all data have been taken, they are transferred to floppy disks. The data are analyzed to see

whether or not the desired flow rates were obtained, the differential pressure transducers were overranged,

and if electronic noise interfered with the differential pressure transducers, conductivity probes, or hot-

film anemometer probes.

The data, which are stored as integers, are converted to voltages. The flow rate dam are then

converted from voltages to engineering units, e.g., psia, and calculations are performed to determine the

superficial velocities of the phases. The data are written to hard disk. Table I lists the file name extension,
the transducer that the data was recorded from; and whether the data is stored in binary or ASCII format.
Flow rate data are stored in two files. The file with the ".FIL" extension is in a format suitable for further

data analysis. The file with the ".PRT' extension may be used to print out the data in tabulated columns.

The contents of a typical flow rate data file is shown in Table H.

The Learjet Two-Phase apparatus has provided excellent data and photographs of low-gravity

two-phase flow. Scientific results are presented in references 3 and 6.

ENHANCEMENTS

A planned enhancement to the apparatus is the integration of a high-frame-rate video system. The
video camera will be controlled by the data acquisition and control system and can record motion at 500

images per second. Up to 43 rain of video can be stored on a single video tape. Strobe lighting will be
used to maximize the "freezing" the action of the camera, which will offset the effects of lower resolution

tThese controls are labeled in English units.
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Item

no.

AI00

AI01

AI02

AI03

AI04

AI05

AI06

AI07

AI09

AI10

AI11

AI12

AII3

AI14

AI15

AI16
AI17

AI18

AI19

AI20
AI21

AI22

AI23

AI24

AI25

AI26

AI27

AI28

AI29

AI30

AI31

WD32

APPENDIX

PARTS LIST FOR THE LEARJET TWO-PHASE FLOW APPARATUS

Description Working pressure, Weight, Remarks_: ;

kPa (psig) kg 0bs) _'
.... : _ _ _ '0_'

Gas cylinder 12410 (1800) 10.44 (23) Aluminum Cylinder

Cylinder valve 12410 (1800) _ _ _,
Globe valve 20 680 (3000) 0.45 (1)

Filter 20 680 (3000) : _ '-_

Pressure gauge 20 680 (3000) _ ,.... _:
Relief valve 15 510 (2250) 12 4t0 kPa (1800) psig

: relief _

2.16 (4.75) .....
Outlet 0-17 235 kPa _

(0-2500 psts)
(2o00) :0.57 (1.25)_
(1250) Normally closed

Globe valve 20 680 (3000)

Pressure regulator 41 360 (6000)

Pressure gauge
Solenoid valve

Thermocouple
Pressure transducer

Square edge orifice

Pressure regulator

Pressure gauge
Solenoid valve

Thermecouple
Pressure transducer

Square edge orifice
Pressure transducer

Refief valve

Check valve

13 790

8620

8620 (1250)

41 360 (6000) 2.16 (4.75)

13 790 (2000)

8620 (1250) 0.57 (1.25)

8620 (1250)

: 24!87.0 (3600) -1,02 (2.25)

2S 680 (3OOO) ,

Two phase mixer 275 (40) , ,

Thmmocouple ...." _
Test section i275 (40)

Relief valve 24 820 (3600)

Back pressure regulator 1725 (250)
Globe valve 20 680 (3000)

Pressure regulator 34 470 (5000)

Pressure gauge 690 (100)
Relief valve 24 820 (3600)

Globe valve 20 680 (3000)

Liquid supply tank

WD33 Ball valve 20 680 (3000)

WD34 Strainer

WD35 Metering valve 4825 (700)

o-6s95 kPa(0- lOO0p_
0.691 mm (0.0272 in.)dtam
Outlet 0-17 235 kPa

(0-2500 psig) • _i'

Normally closed

0-6895 kPa (0-1000 psia)

0.188 mm (0.0074 in.) diam

o-6s95 kPa (0.1000 psi-.)
24o kPa (35 pals)re_
7 kPa (1psi) cricking
pressure

Hydro-tested 365 kPa

(53 p_--s)

0.34 (0.75)
5.22 (11.5)

Hydro-tested 365 kPa

(53 psig)

370 kPa (15 psig) relief

0-70 kPa (0-10 psid) range

1.25 (2.75) Outlet 0-1035 kPa

(0-150 psig)

0.97 (2.13) 310 kPa (45 psig) relief

Hydro-tested 620 klPa

(90 psig)



WD36 Meterinsvalve 20680 O08_ :_
WD37 _flo_mma" 4t5 (60)

WD38 Presmue transducer 1035 (1S0)

WD39 SolemMvalve 1035 (t:.q0) - -

WD40 Relief valve 20680 (3000)

WD41 Check valve 29 645 (4300)

WD42 C.emductivityprobe - ---: -

WD43 Relief'valve 10 350 (15(}0) _ :

WD44 Meterin8 valve 13 790 (260_-_ -.---

WD43 -_ __ 20680 (3e0_- :'. _
WD46 Solenoid-valve 1206 (175) 0.14 (0.30)

WD47 Solenoid valve 1206 (175) _ 0.14 (0.30)

WD48- _ valve 13 790 (200_-- --

WD49 _,._e 1379O(2O0O)
WD50 Pre_uce_ • _I_35 (H_J _.

WD51 Ptwmae tramducer 210 (30)

WD52 Pressure transducer 210 (30)

WD53 Moheeetrap 240(35)
WD54 CoSemzX_

WD55 Pump 520 (75) 2.95 (6.5)

0.5-9.0 _ range

ken (0-100 ps_

240kpa(35psi_ relief
7 kpa(1psi) cracking
W,mine
ttydm.,tmted 415 kPa

(rap.is)
310 kpa (45 psig) relief

." 3 ,.

_@.(_ kpa (0..100 _ *

O.7_J_(O-1 p_)
On-kez(0.1 tz_d) .....

H_co-_ 620kea
(90psi_

: .._ ; .... J_.. _:_ .--

I. User's_to [mm3_fer Low (kavity_, _NASA lewis _Ceeter.

2. Bros. Howme S., e_:4qe/d Metro; Their'nmz'y__ A_lZ_z_z.
3. Bouantg W.S.:_-_Two.PhaeO/m-Liqu__ __in_vtty. NASA CR-195434, t_.
4. Yanil_ John S.: U_ for NASA Lewis __ DC.-9 Rainah.Gftvity

Aimmft_-NA&gTM-106755, 1995.
5. White, Linda O.: lSCi_educ_ Gravity Prolp'am U_ _. NASARihumm-Slxwe_-nler, lggl. ,

6. Bowman, W. S.; andIMlkla, A. E.: Studies of Gas-Liquid Flow tn MicmBntvi_: Void _n,

Pressure Drop and Flow Patterns. Proceeding of the 1993 ASME Wintm,'Mmtin8, Fluid Mechanics

IVnenomma in Miemjmvity, AMD-Vol. 174/FED_Vol. 175, 1993, pp. 23.36.
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File
extensions

*.dp

: *.CO1

*.ill

*.pn

I

TABLE I.--oLrrPUT DATA _ :

Format Data

ASCII ef rates

Blmry,_lO_-lO00

Binary 1oO.-lOOO

Binary 100-1000

S_mry 1

ASCH

Parameter
or _nsor

dmiSm_m

WDSI
WI_2
SS

h-

AIll
AI10
AI17
AI16
AI19

WDS0
AI23
WD37

WD38

Either
AIll
AI10

Or
AI17
AI16

AII9

WD50
AI23

WD37

Superficial liquid velocity nl/f_c

L_e omlcepmsur¢ p.ia

Lm_ orificetemperature "F

Small orifice pressure psia
Small erifice temperan_ "F

Downstream pressure psia
Liquid temperature "F
Test section pressure psia
Test sectioa tc.mperatme "F
Turbine flow n_tcr Spm
Liquid conductivity V
Superficial gas velocity m/sec
Superficial liquid velocity ra/sec
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TAme u.--_m.owam'e _emmOUT*

RUN DATI_ 11-24--1_3 _ 13:I:2 ...... _ _>_-:_"

s_a.t.oLuqc_ _o1_ t.27mm: lOOOnz:Da_L6EL_-_. w._m_m_rDzo_q.

.7.7 71.4 zsJ 69a t ..,i 70.7"<ii ,3.723 2.0  0o
816.2 7L6 _IS.4 _7 114._ 69.9 i 1.o3 3.7m 2.0Se+oo
s17.7 71.5 16.4 68.4 [ l,.,s _.4 1.o4 6748 2.o1_oo
812.3 71.7 15.3 68,4: :[ 14.76 _ i-,L04 .... 3.726 _ 2.01o+00

s14.2 71.8 15.3 68_o [ _._ _ 1.03 3.7m 2.m0¢¢o
313.3 71.7 -13., _.2 ] t4.1, _ 1_4 s.7,m __
811.3 71.6 : 15.4 68.0 ] :1459 68.4 1.04:3.61!9 : !

813.3 71.7 15A ::: _; 68.0 ]14,.$9 _ 1.04 3.7i3
811.8 71.6 15.2 : 67.9 ' ] _ _ 1.03 3.730

811.8 71.7 15.4 : 6&O: 1 _ .'(_1 1.05 3.726 2.1_+00
811.3 71.6 15.2 67.9 ]_Loo ,,a,o 1.03 3.730 2.t2e+oo
811.3 71.5 15.2 67.9 ] ,f4g.54 68.1 1.05 3.735 2.040+00
810.8 71.5 , 15.3 67.9 '4 14.61 67.9 1,0_ 3.730 2.03o.).00

1110.8 71.5 15.3 67.9 t 14.27 : _.1 1.04 3.726 2.08e+_
810.8 71.4 i 15.3 67.9 ] 14.54 _0 1.06 3.733 2.04e+00
811.3 71.3 15.4 67.9 ] t4.51 68.0 1.0"/ 3,7_Y7 2.0404.00

so_.4 71.2 15.3 67.9 t 14.37 ,< _t 1.o_ 3723 2.06,_¢o
scg.s 71.2 15.1 67.9 t_ 67.9 1.05 3.726 zo3e+eo
8(]8.9 71.2 _5,4 67.9 il _ 69.8 0.0_ 3.748 2.(Mk+O0
809.4 71.2 t5.1 68.0 14.t-5: 68.0 0.00 3.726 2.09e4_

,a ,

(m/s)

0..see
ostt
0.5.518
0.520
0.515
0.520
0.519
0.5_0
0.515
0.5.521
O.522

O.524
O.523
o.51s
0.528
0.531
0.523
0.523
0.023
o.0ot

r.

d*
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A129 A108 Alll ....._": _:_:

I

A106

---.@A104

)AI_

M02

i112

Al14 Al17

-- . ..... _: . '

r-1 1_

WD47

Al16 Al19 ; A123

Figure 3.--Flow system for the LearJet two-ptmm flow apparatus.
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1_- _V_ _AI

'0L AIImAO'r tJ_mtmioI _

1t, nI'rlimUCm m.

Low-gravity, gns-liquid flow xmt_ am be _ _ the NASA tmvia _ dm Lewis I_--9, or tim J_
Spa_ Ceater KC-135. Air amd water _ a_rue m the teat _ in cylindri_ teat _ w_am _ dtmneter
of 1.27 _n amd lenlPhs epto 1.5 m. Superfu_ _ rl_ _ 0.1 to 1.1 m/No fwlkte_ I_it0.t to 2_ m/
mc fro"air. l_w rote, diffet,ea_ WNn'e, void _ fltm dddme_ wall-_..nr me_, md accelm'alm _ _
meamu_ and recogded _ the 20 sec dmation of the expedme_ Flow is vimmlized by Id_ojpaph_ at 400
frames with a i_Sh-speed, 16-mm came_
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